INTRODUCTION
Interaction of the Golgi complex with cytoskeletal elements, particularly microtubules, is required for maintaining the characteristic spatial localization of the Golgi apparatus within cells and for the efficient delivery of proteins and lipids to diverse cellular sites. In higher eukaryotic cells, the Golgi complex is centred on the centrosome and is actively maintained there. This is an optimal localization for enabling transport intermediates derived from the endoplasmic reticulum to use radially arranged microtubules converging at one central localization. Membrane flux out of the Golgi complex to plasma membrane or back to the endoplasmic reticulum is also facilitated by microtubules. A major focus of current work in this area has been to clarify the role of molecular motors in regulating the balance of membrane inflow and outflow pathways that underlie the subcellular distribution and size of the Golgi complex (reviewed in [1, 2] ). It has been reported that the Golgi apparatus, as many other organelles, remains attached to microtubules when motor function is inactivated [3] [4] [5] , indicating that there exists a class of molecules that binds the organelle statically to microtubules. We have recently characterized one such protein, GMAP-210 (Golgimicrotubule-associated protein of 210 kDa), that links membranes of the cis-Golgi network (CGN) to the minus end of microtubules [6] .
GMAP-210 was initially described as a peripheral Golgi autoantigen of 210 kDa whose localization was restricted to the CGN. This protein exhibited an unusual behaviour when cells were treated with nocodazole or Brefeldin A. Nocodazole induced a specific and early segregation of many GMAP-210-associated vesicles or tubules from the Golgi apparatus. On treatment with Brefeldin A, GMAP-210 did not redistribute in the endoplasmic reticulum but exhibited a vesicular pattern characteristic of proteins residing in the CGN [7] . The full-length cDNA encoding GMAP-210 predicts a protein of 1979 amino acid residues with a three-domain structure consisting of two non-helical end domains separated by a long α-helical domain with high potential to form a coiled-coil structure. The presence of a very long coil encompassing most of the sequence and the analysis of heptad repeats support the possibility of a dimeric form for GMAP-210 in i o. Deletion analyses in itro showed that the N-terminus binds to Golgi membranes, whereas the C-terminus binds to the ends of microtubules. Consistently, when transfected in fusion with the green fluorescent protein (GFP), the N-terminal domain associated with the CGN, whereas the C-terminal microtubulebinding domain was localized at the centrosome. Overexpression of GMAP-210-encoding cDNA induced a marked enlargement and partial fragmentation of the Golgi apparatus. The microtubule network in the centrosomal area also seemed modified : instead of the microtubule aster, a dense network of short microtubules was visible at the centrosome. These effects did not occur when a truncated form lacking the C-terminal domain was expressed, indicating that perturbation of the Golgi apparatus is primarily due to an excess of binding to microtubules. Taken together, these results support the view that GMAP-210 serves to link the CGN to the minus ends of centrosome-nucleated microtubules and uncover a critical role for this interaction in ensuring the proper localization and size of the Golgi apparatus [6] .
Here we report the cloning of a cDNA coding for a new isoform of GMAP-210 lacking residues 105-196. Analysis of the gmap-210 genomic sequence revealed that residues 105-196 correspond exactly to exon 4, suggesting that this isoform, which we have called GMAP-200, arises from alternative splicing of the primary transcript. GMAP-200 is expressed in HeLa and COS-7 cells as detected by reverse-transcriptase-mediated PCR (RT-PCR) and Western blotting and seems to have a lower binding capacity for Golgi membranes. On the basis of these differences we discuss a possible role in regulating the association between the CGN and microtubules in the pericentrosomal area.
EXPERIMENTAL Molecular cloning and sequencing of GMAP-200
Recombinants (10') of a λZAPII human HeLa cell randomprimed cDNA expression library (P. Chambon, Strasbourg, France) were screened with serum from a patient with Sjo$ gren syndrome, as described [6] . pBluescript phagemids containing the cloned cDNA inserts were excised from λZAPII by co-infection with R408 helper phage as described in the manufacturer's instructions (Stratagene). DNA isolation from transformed bacteria and recombinant DNA manipulations were performed by standard procedures [8] . A series of overlapping restriction fragments from the clones obtained by immunoscreening were subcloned into pBluescript SK or pTZ19R. Double-stranded cDNA in pBluescript or pTZ19R was sequenced on both strands with an automatic sequencer (Pharmacia) by the dideoxy termination method. Sequence data were compiled and analysed with the University of Wisconsin Genetics Computer Group package version 8.1 for Unix computers and the EGCG extensions to the Wisconsin package, version 8.1.0.
To obtain a haemagglutinin (HA) epitope-tagged GMAP-200 protein [9] , the fragment obtained by PCR with primers P5 (5h-GTC AGA ATT CTA TGT CGT CCT GGC TTG GGG GC3h) and P8 (5h-GTC ACT CGA GCG GCA TCA GAC AGT GCT TGT TG-3h) was used to replace the equivalent fragment in pECE-HA-GMAP-210 [6] . Partial GMAP-210 or GMAP-200 cDNA species were also cloned into the prokaryotic expression plasmid pGEX4T-2. Finally, whole GMAP-210 cDNA and cDNA fragments coding for residues 1-375 of GMAP-210 (∆C375) or 1-283 of GMAP-200 (∆C283) were cloned in fusion with GFP into the eukaryotic expression vector pEGFP-N1.
Preparation of glutathione S-transferase (GST) fusion proteins
The synthesis of the GST fusion proteins was induced by the addition of 1 mM isopropyl β--thiogalactoside to bacteria containing the plasmids pGEX4T-2\R2 or pGEX4T-2\Rs1. The fusion proteins were isolated from bacterial lysates by affinity chromatography with glutathione-agarose beads (Sigma).
RT-PCR amplification
HeLa mRNA was prepared with a Quick Prep mRNA purification kit (Pharmacia Biotech). First-strand cDNA synthesis was performed with an oligo(dT) primer by using a First-strand cDNA synthesis kit (Pharmacia Biotech). The completed firststrand reaction was amplified directly by PCR with specific primers P7 (5h-CGG AAT TCT GGG CAG CCT GGC TTC CCT C-3h) and P6 (5h-TAA TTC TTC TCG ATG TCG TCG3h).
Cell culture and lysis
HeLa and COS-7 cells were grown in Dulbecco's modified Eagle's medium supplemented with 10 % (v\v) foetal calf serum, 2 mM -glutamine, 100 i.u.\ml penicillin and 100 µg\ml streptomycin. Cells were maintained in a humidified air\CO # (19 : 1) atmosphere at 37 mC. For cell lysis, cells were washed and harvested in PBS. Cells (2i10( to 10)\ml) were lysed at 4 mC in NP40 buffer [10 mM Tris\HCl (pH 7.4)\150 mM NaCl\10 % (v\v) glycerol\1 % (v\v) Nonidet P40\1 mM PMSF\1 µg\ml pepstatin\1 µg\ml leupeptin\1 µg\ml aprotinin] for 20 min. The extract was centrifuged at 20 000 g for 20 min and both supernatant (soluble fraction) and pellet (insoluble fraction) were stored at k70 mC.
Antibodies
Serum (designated RM) from a patient with Sjo$ gren syndrome was divided into aliquots ; after the addition of NaN $ it was stored at k70 mC. The IgG fraction (10 mg\ml final concentration) was purified from whole serum on Protein A-Sepharose columns and stored in 50 % (v\v) glycerol at k70 mC. Specific antibodies from serum RM were affinity-purified on nitrocellulose strips with immunoreactive proteins from total cell extracts, as described in [10] . Anti-(GMAP-210) polyclonal antibody RM130 was generated in rabbits by using GST fusion proteins containing residues 375-611 and 618-803 from GMAP-210, as described [6] . CTR433 is a medial Golgi marker [11] . Anti-giantin monoclonal antibody [12] was a gift from H. P. Hauri (Switzerland). Anti-HA monoclonal antibody was from Boehringer Mannheim (Indianapolis, IN, U.S.A.). Anti-GFP monoclonal antibody was from ClonTech. Anti-IgG secondary antibodies were from Promega or Amersham.
Electrophoresis and immunoblot analyses
Proteins were separated by SDS\PAGE and gels were stained with Coomassie Brilliant Blue. Non-stained gels were transferred electrophoretically to nitrocellulose filters that were blocked for 1 h at 37 mC in TBST [10 mM Tris\HCl (pH 7.4)\150 mM NaCl\0.1 % (v\v) Tween 20] containing 5 % (w\v) non-fat dried milk. Filters were then incubated for 1-2 h at 37 mC in the primary antibody diluted in TBST containing 5 % non-fat dried milk, washed in the same buffer and incubated for 45 min at 37 mC with secondary anti-rabbit, anti-mouse or anti-human IgG antibodies conjugated with peroxidase (Amersham). After washes with TBST, peroxidase activity was revealed with the ECL2 system (Amersham).
Transient transfection
Plasmid DNA used for transfection was purified through two preparative CsCl\ethidium bromide equilibrium gradients, followed by extraction with phenol and precipitation with ethanol. COS-7 cells were split 24 h before transfection so that they were 60-80 % confluent on the day of transfection. Cells [(2-5i10' per assay] were resuspended in 200 µl of serum-containing medium buffered with 15 mM Hepes, mixed with 50 µl of 210 mM NaCl containing 5-40 µg of plasmid DNA and electroporated with a Bio-Rad Gene Pulser. At 6 h after electroporation, medium was replaced by fresh medium and cells were processed after 24-48 h.
Co-immunoprecipitation experiments
COS-7 cells were transfected with 20 µg of either pEGFP-GMAP-210, pECE-HA-GMAP-200 or both and, after 24 h, lysed in NP40 buffer as described previously. For co-immunoprecipitation experiments, soluble fractions of singly and doubly transfected cells were preadsorbed with 10 µl of an irrelevant serum on 50 µl of Protein A-Sepharose and then immunoprecipitated with 10 µl of anti-HA antibody on 50 µl of Protein A-Sepharose. After incubation and washing, beads pellets were analysed by Western blotting with anti-GFP, anti-HA or RM130 antibodies.
Subcellular fractionation
COS-7 cells transfected with 20 µg of pEGFP-∆375 or pEGFP-∆283 were harvested 24 h after transfection and homogenized in 50 mM Tris\HCl (pH 7.5)\1 mM EDTA\150 mM NaCl\0.25 M sucrose\1 mM PMSF\1 µg\ml pepstatin\1 µg\ml leupeptin\ 1 µg\ml aprotinin by repetitive passage through a 26-gauge hypodermic needle attached to a 1 ml insulin syringe. The homogenate was centrifuged at 2000 g for 20 min at 4 mC. The supernatant was further centrifuged at 100 000 g for 30 min at 4 mC to precipitate membrane fractions. Equal proportions of all fractions were subjected to SDS\PAGE [8 % (w\v) gel] and analysed by immunoblotting as described.
Immunofluorescence microscopy
Indirect immunofluorescence was performed as described [7] . For GFP fluorescence, cells were fixed in 4 % (w\v) paraformaldehyde and permeabilized in acetone at k30 mC for 3 min. Epifluorescence microscopy was performed with a Leica microscope.
RESULTS
We screened 10' recombinant phages carrying cDNA from human HeLa cells with the autoimmune serum RM, from a patient with Sjo$ gren syndrome [6] . During this screening, which led to the cloning of gmap-210 cDNA, we identified five independent clones coding for the 5h end of the cDNA. A restriction map of these clones, termed R1, R2, R3, Rs1 and Rs2, revealed that a fragment of approx. 0.3 kb containing a PstI restriction site was absent from Rs1 and Rs2 clones. A comparison of the restriction patterns of R2, Rs1 and Rs2 clones is shown in Figure  1 (A). An internal fragment of clone R2 (nt 357-1488 of gmap-210) and the corresponding sequence in Rs1 were cloned into pGEX bacterial expression vectors. GST-fusion polypeptides were produced in bacteria, subjected to electrophoresis, blotted and probed with the autoimmune serum. As shown in Figure  1 (B), both GST-R2 and GST-Rs1 were recognized by the serum, confirming the specificity of the immunological screening. Analysis of the sequences of the five clones obtained showed that they were identical except for a 276 bp deletion in Rs1 and Rs2 that corresponded to nt 669-944 in the gmap-210 cDNA sequence (accession number Y12490 ; Figure 1C ). This deletion does not alter the reading frame in the mRNA but results in a protein 92 residues shorter than the originally described GMAP-210. Isolation of two independent clones carrying the same deletion suggests that two isoforms of GMAP-210 are expressed in HeLa cells.
To ascertain whether a short variant of gmap-210 could exist in the cells, RT-PCR was performed on mRNA isolated from HeLa cells by using primers P7 and P6, corresponding to nt 416-434 in the upper strand and 1110-1130 in the lower strand respectively (Figure 2A ). The two main bands obtained had approximate sizes of 0.7 and 0.4 kb ( Figure 2B ), which correlated with the expected bands for the long and the short forms of gmap-210 mRNA. To show the specificity of the bands they were purified and reamplified with the same primers ( Figure 2C ) and were digested with PstI and BclI restriction enzymes ( Figure 2D) . PstI cut the long form into three bands, two of identical sizes (approx. 320 bp) and a third of 60 bp (not seen in the gel), whereas the short form was cut into only two bands of 340 and 60 bp. As expected, both forms were digested at the same position by Bcl I, generating a band of 150 bp (not seen in the gel) and a band 150 bp smaller than the non-digested bands. These results show that the restriction patterns of two bands obtained by RT-PCR with specific primers are identical with those of the clones isolated from the cDNA libraries, confirming that mRNA species corresponding to the two isoforms of GMAP-210 are expressed in HeLa cells.
We used the gmap-210 cDNA sequence to perform a search of the human genome data library at NCBI with the BLAST 
Table 1 Analysis of intron/exon junctions of the gmap-210 gene
Intron sequences are in lower case and exon sequences are in capitals. The positioning of introns between codons is indicated by phase 0, interruption after the first nucleotide by phase I, and interruption after the second nucleotide by phase II. The first nucleotide of the translation initiation codon (ATG) is designated position j1. Amino acid positions refer to the long form of the protein.
Exon
Splice program. The sequence in BAC R-529H20 of the RPCI-11 library from chromosome 14 contained the entire sequence for gmap-210. We took advantage of this sequence to elucidate the exon\intron structure of this gene. As seen in Table 1 caution because only approx. 54 % of the promoters are correctly recognized by the best of the above-mentioned programs. To find potential transcription binding sites, the predicted promoter region was scanned with the programs MatInspector [15] and TFSearch. This analysis identified a TATA box located at k30 nt relative to the transcription start site. In addition, many regulatory elements are predicted to bind to the putative promoter region, including GATA- [25] . Interestingly, exon 4 corresponds exactly to the sequence of the deletion observed in cDNA clones Rs1 and Rs2, strongly suggesting that these clones arose from an alternative splicing of gmap-210 primary transcript. Intron-exon junctions match well with the reported minimal consensus sequences (GT at the beginning of the intron and AG at the end). The reported consensus for acceptor sites [26, 27] predicts a high frequency of C and T in the 5h-flanking region of the AG consensus. The average TjC content in this region for the 20 acceptor sites in gmap-210 is 79 %. However, the acceptor site located in the junction between intron 3 and exon 4 is the only one with less than 50 % TjC content (43 %). The hypothesis supported by these genetic data is shown in Figure 3 : that the acceptor site of intron 3 might sometimes not be recognized by the spliceosome and the next acceptor site would be used instead. This mechanism could generate an isoform lacking exon 4.
As shown in Figure 4 , GMAP-210 is organized into three functional domains : an N-terminal Golgi-binding domain that spans exons 1-7 (residues 1-375), a central coiled-coil domain encoded by exons 7-17 (residues 376-1778) and a C-terminal microtubule-binding domain from exons 18-21 (1779-1979) . A detailed analysis of the secondary structure of the N-terminal Golgi-binding domain of GMAP-210 revealed that it consists of two acidic non-helical regions interrupted by a small coiled-coil domain and followed by a long coil. Exon 4 corresponds approximately to the second non-helical region. Therefore in the short variant of GMAP-210 the N-terminal domain contains only an acidic non-helical region and a small coiled-coil domain preceding the long coil ( Figure 5A ).
Because the deletion present in GMAP-200 is located inside the Golgi-binding domain (as represented in Figure 5A ), we first analysed the effect of this deletion on the subcellular localization of the protein. For this purpose, full-length cDNA species coding for GMAP-210 or GMAP-200 with an N-terminal HA epitope were introduced in COS-7 cells by electroporation. The HA epitope was shown not to interfere with the association of GMAP-210 with Golgi membranes (results not shown ; see [6] ). Cells were incubated, fixed, double-labelled and finally observed with a immunofluorescence microscope ( Figure 5B ). Both proteins localized to a compact juxtanuclear reticulum characteristic of the Golgi apparatus as revealed by an anti-HA antibody ( Figure 5B , left panels). The labelling pattern overlapped exactly that exhibited by RM130, a polyclonal serum that recognized both exogenous and endogenous GMAP-210 proteins (results not shown ; see [6] ) and mostly co-localized with that displayed by an anti-giantin monoclonal antibody ( Figure 5B , right panels). These results indicate that the short form of the protein is targeted to the same place as the endogenous and exogenous GMAP-210, i.e. the Golgi membranes. In addition, GMAP-200 overexpression perturbed the Golgi apparatus in the same way as GMAP-210 overexpression ; transfected cells showed a marked enlargement and partial fragmentation of the Golgi apparatus ( Figure 5B ; compare the transfected and non-transfected cells). As expected, overexpression of GMAP-200 had similar disruptive effects on microtubule organization as overexpression of GMAP-210 ( Figure 5C ). The array of microtubules in the centrosomal area appeared modified in cells overexpressing GMAP-210 ( Figure 5C , middle panels) and GMAP-200 ( Figure 5C , bottom panels). The microtubule aster became undefined and many microtubules seemed to emanate from the enlarged Golgi area rather than from the centrosome (compare non-transfected and transfected cells).
Although the high expression level of transfected GMAP-200 suggests that most of the molecules detected by the anti-HA antibody could be homodimers of GMAP-200, the possibility that exogenous GMAP-200 could dimerize with endogenous GMAP-210 cannot be excluded. Heterodimers between GMAP-210 and GMAP-200 could mask a particular effect of the spliced isoform when overexpressed. To test this possibility we performed co-immunoprecipitation experiments. COS-7 cells were transfected in parallel with a GFP-tagged version of GMAP-210, an HA-tagged form of GMAP-200 or both. After incubation, cells were lysed in NP40 buffer and centrifuged ; supernatants were analysed by immunoblotting with an anti-(GMAP-210) antibody (RM130) to monitor transfection efficiency ( Figure 5D , upper panel). Supernatants were also immunoprecipitated with an anti-HA antibody linked to Protein A-Sepharose beads. After being washed, complexes were analysed by immnoblotting with RM130 antibody. As can be seen in Figure 5 (D) (lower panel), both
Figure 4 Physical map of human gmap-210 gene
The cDNA of the two alternative transcripts and important functional domains of the encoded proteins are shown at the top and at the bottom. The exon-intron organization of the gene is shown in the middle. The genomic sequence used for this analysis was obtained from the National Centre for Biotechnology Information database and is included in BAC R-529H21.
isoforms were detected when immunoprecipitation was made from doubly transfected cells. Similar results were obtained when anti-GFP antibody was used for immunoprecipitation instead of anti-HA antibody (results not shown). These results indicate that both GMAP-210 and GMAP-200 are able to dimerize, at least when overexpressed, and represent the first evidence for a oligomeric state of the protein in i o.
We also used cells overexpressing GMAP-210 and GMAP-200 to investigate the expression of both isoforms in normal cells by using high-resolution PAGE followed by immunoblot analysis with RM130 polyclonal serum. As shown in Figure 5 (E), in nontransfected cells RM130 decorated a doublet, with a more intense upper band. Overexpression of GMAP-210 produced an increase in the amount of the upper band, whereas overexpressed GMAP-200 co-migrated with the lower band, supporting the notion that bands observed in non-transfected cells corresponded to GMAP-210 and GMAP-200. These observations, together with the isolation of two independent clones from an expression library (Rs1 and Rs2) and with the results obtained by RT-PCR (Figure 2 ), indicate that GMAP-200 is expressed in cells.
To examine the ability of GMAP-200 to bind to the Golgi membranes, COS-7 cells were transfected either with a truncated Figure  6A , top panel). Blots were analysed quantitatively by densitometry to determine the distribution of each GFP-fusion protein between the two fractions. Identical blots were revealed with RM130 and anti-(α-tubulin) antibody as controls for the correct fractionation of membranes and for loading ( Figure 6A , middle and bottom panels). Membrane pellets contained most of the GMAP-210 protein, whereas tubulin was detected mainly in supernatants. As shown in Figure 6 (A), a significant proportion of both GFP-fusion proteins sedimented with the membrane fraction. Quantitative analyses revealed that 46 % of ∆C375-GFP associated with membranes whereas only 27 % of ∆C283-GFP did so, i.e. Golgi membranes sedimented 1.8-fold more ∆C375-GFP than ∆C283-GFP molecules.
To confirm the in itro results, transfected cells were also processed for GFP fluorescence and double-labelled with RM130 [which specifically recognizes endogenous GMAP-210 ( Figure Figure 6B)], CTR433 [a medial Golgi marker ( Figure 6C )] or antigiantin ( Figure 6D) antibodies. ∆C375-GFP seemed to be cytosolic but was also localized in punctate structures clustered in the Golgi region ( Figures 6B, 6C and 6D, upper panels) . When ∆C283-GFP was expressed, most of the transfected cells (more than 80 %) exhibited the phenotype shown in the lower panels of Figures 6(B) , 6(C) and 6(D) in that no punctate structures were seen ; instead, GFP fluorescence seemed distributed throughout the cytoplasm although more concentrated in a perinuclear localization. The rest of the cells showed a labelling pattern similar to that observed in ∆C375-GFP-transfected cells. Double labelling with RM130 revealed partial co-localization, indicating that truncated mutants were able to bind to the CGN membranes. In both cases, RM130 labelling was less intense, although to different extents, when compared with a non-transfected cell (arrow in Figure 6B ), suggesting that endogenous protein had been partly displaced from the membranes. Consistent with the association level of truncated forms with CGN membranes, the effect of ∆C375-GFP on Golgi cisternae morphology was also more pronounced, as revealed by double labelling with the Golgi markers CTR433 and giantin ( Figures 6C and 6D) . Instead of the normal compact Golgi seen in untransfected cells, both markers appeared in some punctate structures that remained in the Golgi area. No significant changes in Golgi morphology could be seen when ∆C283-GFP was expressed (compare the upper and lower panels of Figures 6C and 6D ). It must be noted that cells shown in Figure 6 expressed intermediate levels of truncated proteins. At very high expression levels, the Golgi membranes disappeared, probably by redistributing in the endoplasmic reticulum as reported previously [6] , and no differences between truncated forms were found. Taken together, these results demonstrate that the N-terminus of GMAP-200 retains the capacity for interacting with Golgi membranes but more weakly (almost a half ) than the homologous domain in GMAP-210.
DISCUSSION
Here we have described the isolation and characterization of an alternatively spliced GMAP-210 isoform, named GMAP-200, that originated by the deletion of exon 4. Both isoforms are expressed in COS-7 and HeLa cells, as detected by RT-PCR and immunoblot analyses. The entire sequence of gmap-210 gene is now available in databases and consists of 21 exons and 20 introns of variable lengths. We have analysed the exon\intron junctions of the gmap-210 gene and found that the TjC content of the junction between intron 3 and exon 4 is significantly lower than the rest. These genetic data support the hypothesis that the acceptor site of intron 3 might sometimes not be recognized by the spliceosome and the next acceptor site would be used instead, resulting in skipping of the optional exon 4 and thus in an alternatively spliced variant. Our analysis also suggests that no further alternatively spliced variants of GMAP-210 are generated by this mechanism.
Exon 4 is localized in the N-terminal domain of GMAP-210, where the capacity for membrane binding and Golgi localization resides specifically [6] . For these reasons we examined the capacity of whole GMAP-200 or a truncated mutant consisting of its Nterminal domain for binding to Golgi membranes. When overexpressed, GMAP-200 was associated with Golgi membranes and no differences in phenotype induced by GMAP-210 overexpression in both Golgi morphology and microtubule organization were visible. However, the truncated mutant displayed a lower binding capacity to Golgi membranes than the homologous domain in GMAP-210, in assays both in itro and in i o. Overexpression conditions and the formation of heterodimers between exogenous long and short forms of the protein, which we have demonstrated, could mask the membrane affinity differences exhibited by the truncated mutants. These heterodimers could display a higher affinity for Golgi membranes than GMAP-200 homodimers, leading to a specific enrichment of these complexes in CGN membranes.
From our results we conclude that the short form of GMAP-210 interacts more weakly with the membrane-binding sites than the full-length form. At a structural level, the loss of exon 4 decreases the N-terminal non-helical end to the first 52 residues of the protein that are now followed by a long coiled-coil fragment extending for more than half of the protein. It is tempting to speculate that the incorporation of exon 4, which disrupts the α-helix, could increase the number of GMAP-210 molecules associated with Golgi membranes, as well as the converse.
Proteins that can bind both microtubules and membranes are emerging as potentially important in stabilizing steady-state interactions between membranes and microtubules. Activities of these static linkers must be regulated to allow membrane traffic. Proteins bound to the microtubule surface might provide steric hindrance to efficient movement. In fact, overexpression of MAP4 [28] and tau [29] can inhibit organelle movement and membrane trafficking. Because proteins that act as cross-linkers are also expected to interfere with movement, it is likely that their activities are also regulated. An obvious mechanism for achieving this is the regulation of microtubule-binding capacity by phosphorylation, as has been described for CLIP-170 or MAPs [30] [31] [32] . However, other mechanisms might also be considered. GMAP-210 serves as a linker between the CGN and microtubules anchored in the centrosome. Therefore both N-terminal Golgibinding and C-terminal microtubule-binding domains might be good targets for regulatory mechanisms. Our previous work emphasizes how modulating the number of microtubule-binding sites in the surface of the CGN membranes could be significant for ensuring the proper localization and structure of the Golgi apparatus. Excess GMAP-210 causes a local stabilization of microtubules that perturbs membrane traffic and, as a consequence, the Golgi apparatus structure. In contrast, in the absence of membrane-bound GMAP-210, the Golgi membranes become unstable [6] . The existence of a new isoform and the possibility of different oligomer formation in i o provide the cell with a subtle mechanism for regulating the association of the Golgi apparatus with microtubules and consequently for ensuring the correct functioning of membrane traffic pathways.
In conclusion, the results presented here reveal the existence of a new isoform of GMAP-210 arising from alternative splicing due to the presence of an optional exon. Alternative splicing of pre-mRNA species is a powerful and versatile regulatory mechanism that can effect the quantitative control of gene expression and the functional diversification of proteins. In fact, it has been proposed as a major method of increasing physiological complexity, given the small number of human genes recently estimated [33] . In addition, it contributes to major developmental decisions and also to fine tuning of gene function [34] . We postulate that this mechanism is used for modulating the association of GMAP-210 with membranes and consequently the interaction of CGN membranes with microtubules. A more extensive analysis to improve our understanding of the different roles of these two isoforms of GMAP is currently under way.
